The climate change is the main issue in recent decades. Marine and coastal areas are deeply affected by climate change. To investigate the effect of climate change in the southern coast of the Caspian Sea, the variations of main meteorological parameters such as anomaly of minimum and maximum temperature, precipitation, sea surface temperature and, also the frequency of foggy, hazy and dusty days are examined in a 40-year period from 1979 to 2018 (anomalies with respect to the 1981-2010 baseline). The results of the study showed that the significant increasing trend in temperature in all stations that located in industrial and urban area. There is no significant change in precipitation due to complex structure of this parameter in the South Caspian Sea areas. The lake effect and topography play as a key role in generation of precipitation than large scale systems. Also there is highly significant increasing trend of sea surface temperature in South Caspian Sea which is a result of the effects of global warming in that region. There is also an increase in the occurrence of the rare dust phenomenon in that area. The increasing trend of hazy days was observed in all areas, particularly in industrial zones that can affect some meteorological parameters.
Introduction
Since the beginning of the industrial revolution, the increased emissions of carbon dioxide, methane and other greenhouse gases have caused the disturbance of the average global and regional climate conditions. The average surface temperature has been increased in recent years, which has had many effects on all biological and non-biological communities. The increase in temperature, decrease in snow and ice cover, recession of sea and mountain ices, prolongation of growth seasons, early onset of spring in the northern hemisphere, increase in the frequency of extreme precipitation occurrences, and more than 25 thousand other changes in the biological and physical indicators are consistent with the global warming . For many years, the climate change studies have been possible using the output of the general atmosphere circulation models and the scenarios released by the Intergovernmental Panel on Climate Change (IPCC). The climate change projections have been reviewed in IPCC by virtue of the increase in the anthropogenic greenhouse gas and aerosol emissions (IPCC, 2013) . Time series and variations in temperature and precipitation play an effective role in the climate change mitigation and adaptation programs, and the access to long-term climate data is essential for such analysis. World Meteorological Organization (WMO), issued a full report on the State of the Climate in 2017. This report provided a comprehensive overview of temperature variability and trends, high-impact events and many other relevant indicators of climate change. Figure 1 shows the differences of 2017 temperature from long term average. It can be seen the 1-2°C temperature raising in Iran including southern shore of Caspian Sea. According WMO report 2016 and 2017 years are the warmest years after industrial revolution. Because of the importance of climate change impacts in operational activates, many scientific studies have focused on the assessment of climate change impacts in the past two decades . The effects of climate change on extreme rainfall , drought, floods, and sea level have investigated in many studies. Zang et. al. (2013) developed a combined probability model to evaluate the impact of climate change on waterlogging in Southern China. They showed that most modeling results predict an increase in temperature and extreme precipitation.
A study in the Marsyangdi river basin in Nepal was carried out using CanESM2 data that were downscaled with the SDSM model and the new RCP scenarios, which showed the temperature rise up to 2.29 and 3.43°C for the maximum and minimum temperatures until the 2090's . A research in Egypt was also performed with similar data, which showed an increase in the minimum temperature from 1.25 to 2.57°C and in the maximum temperature within 0.88-1.57°C (Sayad et al., 2016) . In the Nile river basin, the results of the temperature variation study using several models of general circulation of atmosphere and CanESM2 data and two SDSM and LARSWG downscaled models found the increased temperatures from 0.4 to 4.3°C for the maximum temperatures and 0.3 to 4.1°C for the minimum temperature until 2100 . In the southern coast of the Caspian Sea, various analysis have also been carried out on the effects of climate change regarding the study of atmosphere and ocean parameters. studied the temperature and precipitation variations in the southwestern coast of the Caspian Sea and showed their relationship with important teleconnections. The Парвин Гафарян, Сахар Таджбахш southern coast of the Caspian Sea, due to the subtropical wet climate, is the hub for rice cultivation in Iran from the agricultural point of view Kosarev, 2005) . In addition, it is a significant area in terms of biodiversity . Therefore, the study and analysis of climate change and the occurrence of hazardous phenomena in the southern coast of the Caspian Sea as part of existing global changes play an important role in the mitigation and adaptation programs.
The southern coastline of Caspian Sea has an important role in regional climate due to the environmental, continental and marine effects. The changes in the position of these coastlines have led to some damages. The changes of water level that come from the land, the differences in the land sediment levels and the situation of erosion in the coastline's sediments such as continental factors and the changes of sea level and the patterns of current and Caspian Sea waves are the some changes that occur in Caspian Sea's coastlines. Ghodrati et al. (2015) investigated the climate change impact of the Caspian Sea in relevant to the position of Southwesterly Caspian Sea coastlines. They showed the Guilan's coastline progress under the sea erosion happened in Astaneh-Ashrafiye, Talesh, Anzali, Lasko-kelaye and Roudsar. Berg and Hall (2015) Showed climate change impacts on extreme precipitations in California. They analyzed variation of mean and extreme precipitation amounts in wet season for several time scales using rain data of 34 Global climate models and showed there are no considerable changes between 2020 to 2060 and estimated considerable changes between 2060 to 2090. used the WRF high resolution model in the United States for the 1971-2000 and 2071-2100 periods. The simulation results showed that the proxies for hazardous convictions would be increased by the end of the XXIst century, so that the greatest absolute increase would be occurred at daily frequency during the spring and summer. also studied the climate change relationship in the south hemisphere extratropical cyclones and showed that variations in the Atlantic Ocean surface temperature play a key role. also re-examined the extreme tornadoes events in 2016 using numerical prediction models to find the role of anthropogenic climate changes in that events. They applied the temperature, wind, pressure and humidity changes to the models and observed that the decreased CIN and increased lifting simultaneously strengthen the very strong tornadoes.
The study of atmospheric conditions and the occurrence of weather phenomena in the southern coast of the Caspian Sea with regard to the climate change and global warming is one of the issues discussed in this paper. Therefore, in section 2, the data and methods will be introduced. In section 3, the variations in some important atmospheric parameters and weather phenomena are analyzed. Finally, in section 4, the results of this study are presented.
Methodology
In order to investigate the effect of climate change in the southern coast of the Caspian Sea, the trends in maximum and minimum temperature anomaly and some other atmospheric parameters such as precipitation anomaly ,number of fogy, dusty and hazy days are examined for a number of stations in the southern coast of the Caspian Sea. Therefore, the study area is the southern coast of the Caspian Sea in Iran, which is restricted to 49-54°E and 36-40°N ( Figure 2 ). In this area, according to available data, the variables considered in the Rasht, Ramsar, Babolsar and Gorgan stations are investigated; the details of them are given in Table 1 . Rasht and Goragan cities are industrial, whereas the babolsar and Ramsar are urban areas. The study variables are maximum and minimum temperature at 2 m above ground level, as well as the annual precipitation, and the study period is 40-year from 1979 to 2018 (anomalies with respect to the 1981-2010 baseline). In addition, the variations in the number of days with haze as well as the number of dusty and fogy days are investigated. Accordingly, the variations in the parameters are estimated and the role of changes in temperature and precipitation is determined, which is an important factor in climate change. The number of dusty days in this study includes the days when one of the dust observation codes including 07 to 09 and 30 to 35 has been reported at least at one of the stations. These codes are (WMO No. 306, 2017) . The observation data are obtained from the Iranian Meteorological Organization (IRIMO) database.
Since the sea surface temperature of the Caspian Sea is one of the important factors affecting air temperature and precipitation, the trend of it is investigated at southern part of the Caspian Sea. The sea surface temperature data from the latest ECMWF product, ERA5, was extracted.
The Mann-Kendall test is used to examine the trend and its significance Kendall, 1975) . The Mann-Kendall (M-K) test is a non-parametric test used to detect the presence of linear or non-linear trends in time series data. The M-K test assesses if a series is steadily increasing/decreasing or unchanging. In this research we have used of p symbol in trend figures as probability (significance).
Discussion
In this section, the first step is to study the trends of minimum and maximum air temperature anomaly at 2 meter above ground level, trend of precipitation anomaly, frequency of foggy, hazy and dusty days, which have long-term data available and are widely distributed across the southern coast of the Caspian Sea is investigated.
Trends of minimum temperature anomaly The trends in the minimum temperature anomaly in Rasht, Ramsar and Babolsar stations show the increase over the 40-year period, which is significant (Figure 2-a, b , c). The highest temperature rise has occurred at Ramsar station (0.67°C per decade). Minimum temperature trend at the Gorgan station is not significant. Trends of Maximum temperature anomaly The increasing trends of maximum temperature anomaly during the 40-year study period are seen at all stations (figure 4). The largest increase in the maximum temperature anomaly has occurred in Gorgan (0.49 °C per decade). 
Trends of precipitation anomaly
Precipitation is a dominant phenomenon in the region and it has very complicated structure due to its location (between the sea and Alborz mountain range). There is no significant decreasing or increasing precipitation anomaly in Rasht, Ramsar and Babolsar stations. But there is significant decreasing trend in the Gorgan station that precipitation has decreased about 0.1 millimeters per decade (figure 5d). Precipitation distribution in the southern Caspian region is not the same. Due to the topography of the region, the wind direction on the Caspian and convergence of humidity, the southwestern regions receive more rainfall than the southeast . Also, the Gorgan station is more distant from the sea than other stations; therefore the precipitation at this station is more affected by global warming.
Trends of the frequency of foggy days The fog phenomenon is one of the weather hazards especially in marine and coastal areas because it affects maritime transportation. Knowledge of marine fog climatology and its variation is of utmost importance for short and long term marine weather prediction.
There is no significant decreasing or increasing of the foggy days in the Rasht and Ramsar stations. But there is increasing trend of this phenomenon in the Babolsar and Gorgan stations ( figure 6c and 6d ). Also the increase in this phenomenon has been a stronger trend in Gorgan station. Trends of the frequency of dusty days The trends in the frequecy of days with dust are also studied at the 4 stations. Due to the relatively high humidity of the area, the dust phenomenon is not the predominant event of the region. In the coastal cities (Ramsar and Babolsar), this phenomenon is not reported except for several days in the 40-year period. Hence, in this section, only the data from Rasht and Gorgan stations are studied, which have a lower humidity than the other two stations. Figure 7a and 7b indicate the variations in the frequency of dusty days in Rasht and Gorgan. As can be seen in the figure, during the last 40 years, the frequency of dusty days has been increased in the two stations, which, due to transfer of dust particles from other areas to these stations. In the Rasht station, after 2010, the frequency of dust event has suddenly increased. The findings indicate the transfer of dust from the Turkmenistan and the Karakum Desert to the region . Trends of the frequency of hazy days Haze is a hazard in this area. Haze event can effects visibility and solar radiation. There is increasing trend of hazy days in all four stations; also the trend is highly significant. In the Gorgan stations, the frequency of haze increased about 3 events per decade. In large industrial cities such as Rasht and Gorgan, this phenomenon was more frequent than in other areas. The meteorological parameters in these two regions will be more prone to changes than other parts.
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Conclusion
The aim of this study was to investigate the influence of global warming on atmospheric parameters on the southern coast of the Caspian Sea. The results of the study showed that the increasing trends of minimum and maximum temperature anomaly during the 40-year study period are seen at all stations. The only exception was the Парвин Гафарян, Сахар Таджбахш minimum temperature in Gorgan station where no significant trend was observed. Due to the complexity of the precipitation pattern in this region and the effect of large scale and local factors in its creation, no significant trend in precipitation anomaly was observed. Only at Gorgan station was a decreasing trend of precipitation. The increasing trend of the fog phenomenon was found in the eastern regions of the study area. The phenomenon of dust, which is rare in the South of the Caspian, has grown in the region in recent years. This is due to the prolonged and severe droughts in the desert of Turkmenistan and is a sign of climate change. One indicator of climate change is the warming of seas and ocean's surface temperature. The results showed a significant increase in water surface temperature in the South Caspian Sea sector. Since the amount of rainfall and humidity in the area is due to the effect of the lake, changing the sea surface temperature may change the climate of the area in the future. The increase in haze frequency in the region indicates an increase in industrial activities and the release of greenhouse gases in the region, with the expansion of urbanization and the creation of a heat island, the rising temperature trend will accelerate in the future. Finally, apart from precipitation, other meteorological parameters and phenomena have significant changes that can show signs of global warming effects on the South Caspian Sea.
Изменение климата является основной проблемой последних десятилетий. Изменение климата сильно влияет на морские и прибрежные районы. Чтобы исследовать влияние изменения климата на южном побережье Каспийского моря, в течение 20-летнего периода исследуются изменения основных метеорологических параметров, таких как температура двухметрового уровня, относительная влажность, температура поверхности моря и количество осадков, а также туманные и пыльные дни в период с 1999 по 2018 гг. Анализируются закономерности аномалий давления на уровне моря, а также высота и температура геопотенциала уровня 500 гПа в наиболее теплые сезоны и сезоны с минимальными осадками. Для этой цели использованы различные наборы данных, такие как синоптические данные наблюдений и данные повторного анализа (NCEP / NCAR и ECMWF). Результаты исследования показали, что потепление температуры поверхности и изменение климата не имеют одинаковых эффектов в разных частях. Роль антропогенного воздействия на изменение климата неоспорима. Было отмечено, что тенденция к повышению температуры наблюдалась на всех исследованных станциях, при этом изменения параметров атмосферы, таких как влажность и осадки в разных точках оказались не идентичны, на что, по-видимому, оказывает влияние локальная топография, неконтролируемое строительство в лесных и прибрежных районах, а также прочие факторы, играющие эффективную роль в изменении влажности и условий выпадения осадков в регионах с более или менее сходным климатом.
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